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Ionospheric Phase Scintillation during Solar Cycle 24 over West Africa: Analysis from GPS Stations at Koudougou and Ouagadougou (BF01)  

Abstract
Ionospheric scintillation is a phenomenon of rapid and irregular fluctuations in the intensity of radiofrequency signals passing through the ionosphere. It generally arises from interactions between GNSS signals and irregularities in the ionospheric plasma. These interactions can lead to rapid variations in the amplitude and/or phase of the signals passing through the ionosphere, giving rise to what is called amplitude and/or phase scintillation. Phase scintillation was the subject of this study. Based on the RINEX data available at the GPS stations of Koudougou and BF01 of Ouagadougou, we calculated for solar cycle 24 (2008-2018), the daily and monthly hourly values ​​of the rate of total electron content change index (ROTI) which is a good indicator of phase scintillation. The study of the ROTI in these two equatorial stations, shows an ionospheric phase scintillation after sunset from 2000 LT to 2300 LT during periods of quiet geomagnetic activity. At this moment of night, maximum ROTI values ​​of approximately 1 tecu/min are recorded. The phenomenon often continues at a low intensity (approximately 0.5 tecu/min) during the night between 0000LT and 0200LT. The nocturnal scintillation phenomenon is explained by the formation of plasma bubbles caused by the Rayleigh-Taylor instability after sunset. Phase scintillation is strongly influenced by solar activity. The ROTI is indeed higher at solar maximum with a peak value exceeding 1.5 tecu/min. Seasonal effects are also noted in the disturbance of GNSS signals. ROTI values ​​are indeed higher at the equinoxes than at the solstices. During geomagnetic storms, phase scintillation is inhibited when the main phase occurs in the morning. When the main phase occurs after sunset, scintillation occurs in the same evening during the main phase or in the overlap phase. After sunset, the increase in the intensity of the ring current in the main phase causes the formation of ionospheric irregularities responsible for scintillation. It is very important to understand ionospheric irregularities in order to better optimize the reliability of GNSS system.
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1. INTRODUCTION 
The ionosphere plays a very important role in telecommunication, navigation, and GPS satellite positioning systems. Radio signals passing through this layer of the Earth's atmosphere are often disrupted by irregularities in electron density within ionospheric plasma bubbles. The interaction of these irregularities with the Global Navigation Satellite System (GNSS) could lead to rapid fluctuations in the amplitude and/or phase of the signals, giving rise to a phenomenon known as scintillations (Aarons, 1982). Ionospheric scintillations vary depending on the frequency of the emitted signal, geomagnetic latitude, local time, season and solar activity. They are very important in the equatorial region. Indeed, the geomagnetic field is horizontal and the ionospheric height is strongly controlled by the electric field, making the ionosphere unstable especially after nightfall (Aarons and Basu, 1994). The GPS receivers of Koudougou and BF01 of Ouagadougou (Burkina Faso) are located in the equatorial ionization trough near the northern ridge of the West African zone. They provide respectively RINEX (Receiver Independent Exchange Format) data and raw data convertible into RINEX format (Ouédraogo et al., 2024). This work focuses on the available data for solar cycle 24 (2008-2018). Based on these RINEX data, we study phase scintillation at the two equatorial stations. It should be noted that ROTI is used to evaluate the rapidity of variations in total electron content (TEC), which can affect GNSS signals by causing scintillations.
Section 2 of this work deals with the data and methodology used. In Section 3 we present the obtained results followed by discussion. The results concern on the one hand the hourly variations of the ROTI index during periods of calm activity according to solar phases and seasons and on the other hand the evaluation of the impact of some geomagnetic storms on the hourly variation of the ROTI. Section 4 is devoted to the conclusion and study perspectives.
2.  Data and methodology
In this section, we indicate on the one hand the data used and on the other hand the methodology adopted for the study.
2.1.  Data used 
In this work we used RINEX (Receiver Independent Exchange Format) data from the GPS stations of Koudougou (Geo Lat: 12°15’N; Geo Long: -2°20’E) and BF01 of Ouagadougou (Geo Lat: 12°37’N; Geo Long: -1°51W). Koudougou GPS receiver was provided by the Institut Mines-Télécom (formerly Ecole Nationale de Télécommunication de Bretagne) as part of the IHY (International Heliophysical Year) project initiated by GIRGEA (Europe-Africa Study and Research Group). As for the BF01 station, it is one of the thirteen permanent stations of the GNSS-CORS (Global Navigation Satellite System-Continuously Operating Reference Station) network of the Geographic Institute of Burkina (IGB). The raw data from this station have already been processed and converted to RINEX format by Ouédraogo et al. (2024) and made available to us. We also used data such as:
· Sunspot numbers  and Disturbance Storm Time (Dst) indices available on http://omniweb.gsfc.nasa.gov/form/dx1.html;
· Geomagnetic indices Aa extracted from the site http://www.isgi.unistra.fr/indices_aa.php; 
· Sudden Storm Commencement (SSC) dates are available at https://www.isgi.unistra.fr .


2.2.  Methodology 

· Determination of solar phases:
We used the cutting proposed by Pahima et al. (2023). Table 1 presents the results of the cutting of the phases of the cycle 24 ( 2008-2018). 



Table 1: Distribution of years in cycle 24 by solar phase (Pahima et al., 2023)
	Solar phase
	Years  

	Minimum
	2008 ; 2009 et 2010

	Ascending
	2011 et 2012

	Maximum
	2013 et 2014

	Descending
	2015 ; 2016 ; 2017 et 2018



· Division of seasons : 
According to several studies (Zhang et al., 2021; Kahindo Murumba et al., 2017; Ackah et al, 2011, Abdu et al., 2006; …) the scintillation phenomenon strongly depends on the seasons. Concerning our work, the seasons were divided as follows: (i) winter (December, January, February); (ii) spring (March, April, May); (iii) summer (June, July, August); (iv) autumn (September, October, November)
· Selection of quiet days:
According to the criteria of Ouattara and Amory-Mazaudier (2009) that we used, days of quiet geomagnetic activity correspond to days when the daily average values ​​of Aa are less than  . The other days correspond to . Table 2 summarizes the number of quiet days for each year of cycle 24.

TABLE 2. Summary of the number of quiet days for each year of cycle 24.
	Years 
	2008
	2009
	2010
	2011
	2012
	2013
	2014
	2015
	2016
	2017
	2018

	number of quiet days
	271
	345
	305
	278
	259
	273
	270
	199
	212
	230
	276



· Selection of geomagnetic storms:
Geomagnetic storms are periods of intense unrest due to a global disturbance of the Earth's magnetic field resulting from the interaction between the Earth's magnetosphere, fast solar winds, solar flares and coronal mass ejections (CMEs) from the Sun. In this work, we used only the Dst index to characterize the storms. Gonzalez et al. (1994) defined three classes of geomagnetic storms according to their intensity based on the Dst index:  (i) intense storm (D); (ii) moderate storm (); (iii) weak storm ). We selected some intense storms for which we have GPS data to study the variation of ROTI as a function of Dst.
· Determination of the ROTI index: 
The rate of total electron content change index (ROTI) is a measure of the variations in the total electron content (TEC) in the ionosphere. It is defined by Pi et al. (1997) to assess ionospheric irregularities from the phase fluctuations of GPS signals. According to Basu et al. (1999), ROTI is a good indicator of the presence of scintillations caused by small-scale ionospheric irregularities in the equatorial region of the ionosphere. The ROTI index is calculated every 30 seconds from the standard deviation of the ROT (Rate of TEC Change) over a period of 10 minutes with a minimum of 10 points (Pi et al., 1997). This index is used to assess the rapidity of TEC variations, which can affect GNSS signals by causing scintillations.
  
With the symbol  representing the average value.
ROT (Rate of TEC Change) represents the rate of change of the STEC, derived from phase measurements recorded in RINEX files at 30-second intervals:
 							
   : the oblique TEC;  is a time in the day, defined as being between 0 and 86400 seconds, and  represents the time exactly 30 seconds later.
ROTI is expressed in tecu/min ( 1tecu = ).
Using RINEX data from both stations, we use MATLAB programs to generate daily hourly variation curves of ROTI and 2D maps of monthly hourly variations. For cycle 24, the RINEX data available at the Koudougou station cover the period from 2012 to 2015 and at the BF01 station from 2013 to 2018.
3. RESULTS AND DISCUSSION
In this part of the work, we first analyze the diurnal and seasonal variations of the ROTI index during periods of quiet geomagnetic activity. Second, we study the impact of geomagnetic storms on phase scintillation.
3.1. Variation of ROTI during periods of quiet activity

3.1.1.  Diurnal variation of ROTI by solar phase
During cycle 24, the data available at station BF01 cover the entire maximum phase (2013 and 2014) and the descending phase (2015-2018). Figure 1 shows 2D maps of the ROTI index as a function of solar phases. Except for the last two years of the descending phase, the phase scintillation phenomenon is recorded at night from 0000 LT(LT=UT) to 0200 LT and from 1900 LT to 2300 LT. Relatively higher ROTI values ​​(approximately 1 tecu/min) are observed after sunset between 1900 LT and 2300 LT.
At the Koudougou station, the available data cover one year of the ascending phase (2012), the entire maximum phase, and one year of the descending phase (2015). Figure 2 shows 2D maps of the ROTI index by solar phase. There are some traces of scintillation between 0000TL and 0200TL with ROTI values ​​slightly above 0.5 tecu/min. However, after sunset between 1900 LT and 2300 LT, ROTI values ​​above 1 tecu/min are recorded in all solar cycle phases. These values show a relatively more intense phase scintillation.
At both stations, phase scintillation appears significantly after sunset between 1900 LT and 2300 LT. It continues later into the night between 0000 LT and 0200 LT with low ROTI values. In accordance with the work of Kahindo Murumba et al. (2017), Akala et al. (2017), Akala et al. (2015), Akala et al. (2011), ionospheric scintillation in the equatorial region during periods of quiet activity is a post-sunset phenomenon. According to Kahindo et al. (2017), scintillation is present from sunset and can continue for a few hours after midnight. The phase scintillation phenomenon is caused by irregularities in the electron density within equatorial plasma bubbles (Ackah et al., 2011). Indeed, the formation of plasma bubbles caused by the Rayleigh-Taylor instability after sunset leads to a disturbance in the amplitude and/or phase of satellite signals. The low scintillation intensity observed between 0000 LT and 0200 LT could be explained by a reorganization of the ionospheric plasma. Indeed, after the Rayleigh-Taylor instabilities at sunset, the ionosphere seeks to stabilize later in the night. The plasma bubbles gradually fade, thus leading to a reduction in the scintillation intensity.
It is also noted that the phenomenon is more intense at the peak of the solar cycle. Indeed, in both stations, the ROTI index reaches maximum values of up to 1.5 tecu/min during March 2014  (maximum phase). Furthermore, Figure 3 is an example of daily ROTI variations on October 7, 2013 (maximum phase) and March 27, 2015 (descending phase). During the maximum solar phase, maximum ROTI values of approximately 3 tecu/min around 2000LT are recorded in  both stations. However, at the same time during the descending phase, ROTI values are approximately 2 tecu/min. The intense solar activity at the maximum phase causes a more significant phase scintillation. In this regard, Akala et al. (2015) estimate that the annual variations in scintillation occurrences could be attributed to changes in solar activity.)
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Fig.1. Diurnal variation of ROTI as a function of solar phases at station BF01
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	Decreasing Phase 



Fig.2. Diurnal variation of ROTI as a function of solar phases at station of Koudougou

	October 7, 2013  (Maximum)
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	March 26, 2015 (Decreasing)
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Fig.3. Example of daily variation of ROTI at maximum and descending phases

3.1.2. Seasonal variation of ROTI
The monthly variation of ROTI during periods of quiet activity shows a very remarkable seasonal effect. Indeed, Figure 4 shows a phase scintillation between 1900 LT and 2300LT around the months of March and September at station BF01 in Ouagadougou from 2013 to 2016. The ROTI values ​​ are higher in March equinox (between 0.6 and 1.5 tecu/min) than in September (between 0.5 and 0.9 tecu/min). Figure 5 also shows a phase scintillation at the Koudougou station between 1900TL and 2300TL around the equinox months from 2012 to 2015. Except for the year 2014, we note that the ROTI values ​​are higher at the March equinoxes (about 1.0 tecu/min) than in September (about 0.8 tecu/min). Figure 6 also provides an illustration of daily variations in ROTI during the spring and autumn equinoxes. An equinoctial asymmetry is clearly observed. In fact, at both stations, the maximum ROTI values ​​reach approximately 1.5 tecu/min in spring compared to a maximum value of approximately 1.0 tecu/min in autumn.
Zhang et al. (2021) showed that the intensity and frequency of scintillations in spring and autumn are higher and more frequent than those in summer and winter. According to Kahindo Murumba et al. (2017), scintillation exhibits a strong seasonal effect, manifested by intense scintillation values ​​in the equinox months compared to the solstice periods. This is attributable to seasonal variations in ionospheric and solar conditions that influence the formation of irregularities responsible for scintillation. At the equinoxes, the angle of inclination of solar radiation to the equator is maximum, leading to significant ionization of the equatorial ionosphere. This increase in ionization promotes the formation of irregularities in the electron density, responsible for scintillations (Galmiche, 2019).
Phase scintillation at the Koudougou and BF01 stations in Ouagadougou exhibits equinox asymmetry. Maximum ROTI values ​​are recorded in spring compared to autumn. Ackah et al. (2011) show that scintillation occurrence is greater at equinoxes than solstices, with a higher occurrence at the March equinox. The difference in scintillation intensity between the spring and autumn equinoxes could be related to asymmetries in ionospheric dynamics. For Azzouzi et al. (2016), factors such as variations in the Earth's magnetic field and high-altitude neutral winds can influence the distribution and intensity of plasma irregularities, leading to more pronounced scintillations in spring. Abdu et al. (2006) suggested that a cross-equatorial wind could suppress the Rayleigh-Taylor instability and cause equinoctial asymmetry in scintillation occurrence.
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Fig. 4.  Monthly variations of the ROTI index at GPS station BF01 from 2013 to 2018
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Fig. 5. Monthly variation of the ROTI index at the Koudougou GPS station from 2012 to 2015

	Spring equinox (May 13, 2013)
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	Autumn equinox (October,10,2013)
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Fig. 6. Example of daily variations in ROTI during periods of quiet activity during the equinoxes

3.2.  Impact of magnetic storms on phase scintillation
Figure 7 shows the variation of ROTI as a function of Dst during some magnetic storms. Except for the storm of March 17, 2013, the lack of data did not allow us to have the variation of ROTI in the two stations during each storm.
· Graph (a) and (b): Storm of 03/17/2013 at BF01 and Koudougou
From 0500 TL to 0600 TL, an increase in Dst was observed, ranging from -7 nT to 15 nT in the morning of 03/17/2013, marking the initial phase of the storm. The main phase then established itself during the day until the night at 2000 TL with a Dst of -132 nT. The recovery phase occurred after this time and continued into 03/18/2013.
The night before the onset of this storm, phase scintillation was recorded between 2100 TL and 2300 TL at the BF01 stations of Ouagadougou and Koudougou, with maximum ROTI values ​​of 0.84 tecu/min and 0.76 tecu/min reached at 2200 TL, respectively. The following night, during the end of the main phase and the beginning of the recovery phase, the absence of scintillation is observed in both stations. Towards the end of the recovery phase, the phenomenon reappears at the Koudougou station with a maximum ROTI of 0.79 tecu/min at 2100TL.
· Graph (a) and (b): Storm of 03/17/2013 at BF01 and Koudougou
From 0500 TL to 0600 TL, an increase in Dst was observed, ranging from -7 nT to 15 nT in the morning of 03/17/2013, marking the initial phase of the storm. The main phase then established itself during the day until the night at 2000 TL with a Dst of -132 nT. The recovery phase occurred after this time and continued into 03/18/2013.
The night before the onset of this storm, phase scintillation was recorded between 2100 TL and 2300 TL at the BF01 stations of Ouagadougou and Koudougou, with maximum ROTI values ​​of 0.84 tecu/min and 0.76 tecu/min reached at 2200 TL, respectively. The following night, during the end of the main phase and the beginning of the recovery phase, the absence of scintillation is observed in both stations. Towards the end of the recovery phase, the phenomenon reappears at the Koudougou station with a maximum ROTI of 0.79 tecu/min at 2100TL
· Graph (c): Storm of March 17, 2015 at Koudougou
Between 0400TL and 0500TL the storm started with its initial phase. It continued with the main phase in the morning until the night at 2200TL where the Dst reached -234 nT. After 2200TL the recovery continued into the following day. The day before the storm, scintillation was recorded between 2000TL and 2200TL with a maximum ROTI of 0.73 tecu/min at 2100TL. The following nights (end of the main phase and that of the recovery phase), the scintillation phenomenon completely disappeared.
· Graph (d): Storm of October 2, 2013 at BF01
The initial phase occurred at night from 0100TL to 0200TL with a Dst varying between -3nT and 26nT. The main phase then settled until the morning at 0700TL with a Dst of -72 nT. The scintillation was recorded the day before from 2000TL (0.65tec/min) to 2100TL (0.58 tecu/min). The phenomenon persisted during the storm recovery phase. Indeed, on 02/10/2013, the phenomenon appeared between 2000TL and 2200TL with a maximum ROTI of 0.7tecu/min at 2000TL. The night of 03/10/2013, it appeared between 1900TL and 2200TL with a maximum ROTI of 0.62 tecu/min at 2200TL.
· Graph (e): Storm of February 27, 2014 at BF01.
The initial phase occurred between 1600TL and 1700TL and the main phase continued until 2300TL with a Dst of -97nT. The recovery phase started from 0000TL. The scintillation is recorded the day before the storm between 2100TL and 2200TL. During the main phase of the storm, the scintillation phenomenon occurred between 1900TL and 2200TL with a maximum ROTI of 0.79tecu/min at 2000TL.
· Graph (f): Storm of June 22, 2015 at BF01
This storm started at 1700 TL with the initial phase. Its main phase occurred from 1900 TL and continued all night until 0400 TL with a Dst of -198 nT. The recovery phase continued into the following day. Phase scintillation did not appear the day before the storm but it is present at the beginning of the main phase at 1900 TL with a ROTI of 0.54 tecu/min.
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Figure 7. Variation of ROTI as a function of Dst during magnetic storms

During the storms of March 17, 2013 and 2015 (graphs a, b and c), the main phases began during the morning and this seems to inhibit the manifestation of the scintillation phenomenon during the night of the storm. On the other hand, in graphs (d), (e) and (f), the main phases of the storms occurred at night and the scintillation was appeared during these phases or during the overlapping phases.
Azzouzi et al. (2016) showed that, generally speaking, during periods of geomagnetic disturbances, there is an inhibition of ionospheric scintillation phenomena. During the main phase, there is an increase in the ring current. According to Aarons (1991), the suppression and enhancement of irregularities during geomagnetic disturbances can be attributed to changes in the ring current. This author put forward three hypotheses regarding the generation or inhibition of irregularities:
· If the maximum Dst excursion occurs during daylight hours and well before sunset, the normal elevation of the F layer is disrupted, and irregularities are inhibited that night;
· Whether the significant excursion occurs between midnight and after midnight, the layer height increases and then decreases, creating irregularities;
· If the large Dst excursion occurs after sunset and before midnight, the elevation of the layer is not disturbed and irregularities form as during an undisturbed night
The study of scintillation during intense thunderstorms at low-latitude stations by Zaourar et al. (2017) showed that the phenomenon can be inhibited or triggered depending on the phase and timing of the storm. Correia et al. (2018) also showed that ionospheric irregularities can be inhibited during geomagnetic storms whose main phases occur during the day.
The disappearance of the scintillation phenomenon during the nights of the storms of March 17, 2013 and March 17, 2015 at the Koudougou and BF01 stations in Ouagadougou could be explained by the fact that the main phases of these storms began in the morning.
The scintillation continued during the nights of the storms of October 2, 2013, February 27, 2014 and June 22, 2014. In fact, the main phases of these storms occurred after nightfall and the significant excursion of the Dst at this phase caused a strengthening of the plasma irregularities favorable to scintillation.

4. CONCLUSION 
This work is a study of phase scintillation in the West African equatorial region during solar cycle 24 using GNSS data from the GPS stations of Koudougou and BF01 of Ouagadougou in Burkina Faso. During periods of quiet geomagnetic activity, the hourly variation of the ROTI index shows that the ionospheric scintillation phenomenon occurs after nightfall between 1900TL and 2300TL and continues late into the night between 0000TL and 0200TL. The Rayleigh-Taylor instability is the main cause. In addition, intense solar activity at the maximum phase causes greater phase scintillation. The seasonal variation of ROTI in quiet periods shows phase scintillation during the equinox months. There is also an equinoctial asymmetry where spring ROTI values ​​are higher than those of autumn. The seasonal effect of phase scintillation could be explained by significant ionization at the equinoxes caused by the increase in the angle of inclination of solar radiation on the equator (Galmiche, 2019). Equinoctial asymmetry could be explained by variations in the Earth's magnetic field and high-altitude neutral winds that influence the distribution and intensity of plasma at the spring equinoxes (Azzouzi et al., 2016). The study of the impact of some intense thunderstorms shows that phase scintillation is inhibited by the thunderstorm when its main phase occurs during the day. On the other hand, phase scintillation occurs during the thunderstorm when its main phase occurs after nightfall. Depending on the period of the onset of the thunderstorm, the increase in the annular current during the main phase strengthens or inhibits the irregularities of the ionospheric plasma. The study of scintillation in the West African equatorial zone could continue with GNSS data from other receivers by involving other indices such as S4 and  to explore the amplitude perturbations. Improved GNSS system performance depends on studies conducted on ionospheric irregularities.
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ROTI bf01	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	0.41361799999999999	0.13875799999999999	5.8874999999999997E-2	5.0908000000000002E-2	4.6008E-2	4.0307999999999997E-2	5.7692E-2	5.5149999999999998E-2	6.3917000000000002E-2	7.4325000000000002E-2	6.8425E-2	4.8099999999999997E-2	6.3132999999999995E-2	7.2283E-2	6.1074999999999997E-2	6.9217000000000001E-2	8.1233E-2	4.0925000000000003E-2	5.9983000000000002E-2	8.3507999999999999E-2	0.229875	0.61818300000000004	0.84834200000000004	0.57833599999999996	0.31308200000000003	0.198375	9.06E-2	5.1808E-2	4.3442000000000001E-2	3.5900000000000001E-2	5.0932999999999999E-2	5.4532999999999998E-2	7.3691999999999994E-2	8.2574999999999996E-2	7.0532999999999998E-2	5.4592000000000002E-2	6.59E-2	7.1124999999999994E-2	6.0942000000000003E-2	7.0116999999999999E-2	8.5657999999999998E-2	3.8142000000000002E-2	6.0416999999999998E-2	8.8783000000000001E-2	0.23134199999999999	0.25200800000000001	0.13709199999999999	0.2112	9.4045000000000004E-2	6.6708000000000003E-2	6.5091999999999997E-2	4.6982999999999997E-2	3.2325E-2	2.9658E-2	5.3907999999999998E-2	5.3100000000000001E-2	6.0082999999999998E-2	6.7324999999999996E-2	5.5683000000000003E-2	4.3632999999999998E-2	5.9674999999999999E-2	6.6616999999999996E-2	6.5933000000000005E-2	7.4232999999999993E-2	7.7492000000000005E-2	4.2125000000000003E-2	6.2799999999999995E-2	0.12482500000000001	0.30322500000000002	0.466833	0.42362499999999997	0.29933599999999999	Dst	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	-4	-9	-11	-19	-19	-22	-24	-22	-23	-25	-23	-16	-9	-10	-10	-10	-11	-11	-9	-6	-6	-7	-10	-9	-11	-13	-11	-8	-8	-7	15	-5	-23	-66	-89	-82	-86	-85	-89	-89	-84	-99	-98	-115	-132	-131	-116	-105	-96	-84	-77	-68	-64	-64	-60	-56	-55	-50	-43	-42	-43	-41	-45	-47	-50	-50	-48	-47	-48	-46	-47	-46	Local  Time(hour)


ROTI(tecu/mn)


Dst(nT)




March 16-17-18, 2013  KOUD

ROTI koud	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	0.42699999999999999	0.26495000000000002	0.22489200000000001	0.24381700000000001	0.23119200000000001	0.22762499999999999	0.23200799999999999	0.23599200000000001	0.246533	0.246475	0.236092	0.23982500000000001	0.22831699999999999	0.250608	0.24055000000000001	0.240258	0.24635799999999999	0.241567	0.23591699999999999	0.24039199999999999	0.42704199999999998	0.59072499999999994	0.76442500000000002	0.51021799999999995	0.49743999999999999	0.30607499999999999	0.26029200000000002	0.23533299999999999	0.222467	0.22819999999999999	0.222742	0.23366700000000001	0.23594999999999999	0.25755	0.25261699999999998	0.23858299999999999	0.24735799999999999	0.24729999999999999	0.25774200000000003	0.26684200000000002	0.25575799999999999	0.240817	0.24710799999999999	0.23885799999999999	0.34680800000000001	0.28493299999999999	0.28075800000000001	0.25995499999999999	0.26895400000000003	0.25690000000000002	0.23613300000000001	0.25392500000000001	0.23503299999999999	0.240425	0.22961699999999999	0.22462499999999999	0.24066699999999999	0.23965	0.245475	0.237654	0.215056	0.242892	0.24143300000000001	0.239067	0.23614199999999999	0.23424200000000001	0.219942	0.28541699999999998	0.419817	0.79656499999999997	0	0	Dst	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	-4	-9	-11	-19	-19	-22	-24	-22	-23	-25	-23	-16	-9	-10	-10	-10	-11	-11	-9	-6	-6	-7	-10	-9	-11	-13	-11	-8	-8	-7	15	-5	-23	-66	-89	-82	-86	-85	-89	-89	-84	-99	-98	-115	-132	-131	-116	-105	-96	-84	-77	-68	-64	-64	-60	-56	-55	-50	-43	-42	-43	-41	-45	-47	-50	-50	-48	-47	-48	-46	-47	-46	Local  Time(hour)


ROTI(tecu/mn)


Dst(nT)




March 16-17-18, 2015 KOUD

ROTI koud	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	0.30410999999999999	0.26236700000000002	0.238008	0.23155000000000001	0.237008	0.238875	0.23148299999999999	0.24074200000000001	0.24252499999999999	0.25523299999999999	0.24513299999999999	0.264125	0.27546700000000002	0.26448300000000002	0.27165800000000001	0.26884999999999998	0.25015799999999999	0.25436700000000001	0.26177499999999998	0.32379999999999998	0.65490800000000005	0.73101700000000003	0.65399200000000002	0.58965900000000004	0.35683500000000001	0.40896700000000002	0.26860800000000001	0.26008300000000001	0.25140800000000002	0.23949200000000001	0.246142	0.24072499999999999	0.247725	0.25917499999999999	0.25435799999999997	0.26084200000000002	0.26644200000000001	0.26541700000000001	0.28118300000000002	0.28875800000000001	0.27395000000000003	0.26369199999999998	0.27450000000000002	0.25237500000000002	0.25919999999999999	0.24535000000000001	0.27351700000000001	0.27662199999999998	0.25611899999999999	0.24981700000000001	0.242008	0.249975	0.235683	0.242117	0.24013300000000001	0.248108	0.25272800000000001	0.23385700000000001	0.225742	0.230133	0.26625799999999999	0.253417	0.25365799999999999	0.246225	0.246167	0.26005800000000001	0.26256699999999999	0.26505000000000001	0.246175	0.209783	0.253525	0.245646	Dst	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	4	10	15	10	7	15	1	-10	-2	5	11	19	17	11	7	12	17	17	15	16	11	9	6	3	4	3	3	2	13	45	25	-18	-54	-83	-75	-54	-55	-75	-93	-118	-143	-162	-154	-177	-182	-198	-234	-225	-200	-189	-172	-155	-148	-136	-133	-124	-123	-117	-111	-99	-97	-91	-88	-91	-86	-82	-88	-94	-95	-94	-94	-93	Local  Time(hours)


ROTI (tecu/mn)


Dst(nT)




March 01-02-03, 2013 BF01 

ROTI BF01	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	0.217027	8.9041999999999996E-2	6.2375E-2	3.9383000000000001E-2	2.6641999999999999E-2	3.5624999999999997E-2	4.6657999999999998E-2	4.0107999999999998E-2	4.9591999999999997E-2	3.6674999999999999E-2	4.9583000000000002E-2	5.9799999999999999E-2	4.1442E-2	4.8641999999999998E-2	4.99E-2	4.6975000000000003E-2	5.5974999999999997E-2	5.8141999999999999E-2	7.0557999999999996E-2	0.16585	0.65811699999999995	0.58189999999999997	0.46752500000000002	0.407891	0.271482	0.168208	0.118725	3.4833000000000003E-2	3.3692E-2	4.1383000000000003E-2	5.4975000000000003E-2	5.3041999999999999E-2	7.1008000000000002E-2	5.2574999999999997E-2	6.5725000000000006E-2	7.9066999999999998E-2	5.2317000000000002E-2	6.5517000000000006E-2	6.3341999999999996E-2	6.4642000000000005E-2	7.0641999999999996E-2	7.3925000000000005E-2	0.10456699999999999	0.40703299999999998	0.70434200000000002	0.59723300000000001	0.58085799999999999	0.29288199999999998	9.6854999999999997E-2	8.7707999999999994E-2	7.1192000000000005E-2	2.6957999999999999E-2	2.7217000000000002E-2	3.9357999999999997E-2	5.6875000000000002E-2	5.4667E-2	7.0999999999999994E-2	3.4724999999999999E-2	5.6125000000000001E-2	7.6883000000000007E-2	5.0775000000000001E-2	6.9667000000000007E-2	8.8724999999999998E-2	8.6057999999999996E-2	9.2416999999999999E-2	7.3224999999999998E-2	0.19055800000000001	0.52515800000000001	0.62404199999999999	0.48812499999999998	0.55188300000000001	0.26941799999999999	Dst(nT)	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	10	12	13	13	16	16	18	16	16	16	17	14	13	10	9	3	8	15	15	9	5	-2	-7	-8	-5	-3	26	-10	-19	-39	-68	-72	-68	-62	-64	-60	-64	-61	-58	-55	-49	-43	-42	-47	-50	-54	-53	-46	-46	-53	-53	-50	-49	-48	-46	-45	-42	-39	-36	-34	-34	-32	-31	-26	-20	-17	-15	-15	-25	-25	-27	-27	Local Time (hours))


ROTI (tecu/mn)


Dst(nT)




February 26-27-28, 2014  BF01 

ROTI BF01	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	0.56496400000000002	0.44440800000000003	0.2631	0.18549199999999999	0.16659199999999999	0.11754199999999999	8.2233000000000001E-2	8.0341999999999997E-2	8.1366999999999995E-2	0.10850799999999999	9.1541999999999998E-2	5.5050000000000002E-2	7.4933E-2	9.7782999999999995E-2	9.7600000000000006E-2	7.6249999999999998E-2	9.5075000000000007E-2	6.9282999999999997E-2	9.7333000000000003E-2	0.112692	0.42185800000000001	0.66717499999999996	0.58065	0.37723600000000002	0.328318	0.53631700000000004	0.33710000000000001	0.235542	0.18346699999999999	8.2282999999999995E-2	7.0807999999999996E-2	7.8899999999999998E-2	9.4732999999999998E-2	0.11290799999999999	9.4392000000000004E-2	6.6991999999999996E-2	8.4974999999999995E-2	0.10385800000000001	0.1067	8.3000000000000004E-2	9.7100000000000006E-2	7.6566999999999996E-2	0.111217	0.68399200000000004	0.790767	0.49125799999999997	0.60573299999999997	0.233736	0.143655	0.13212499999999999	0.106767	9.2450000000000004E-2	0.101158	0.119133	0.11439199999999999	0.10667500000000001	0.110583	0.127475	0.113692	7.2317000000000006E-2	9.375E-2	0.10865	0.102425	7.5808E-2	9.6100000000000005E-2	7.0032999999999998E-2	0.119308	0.62657499999999999	1.2452829999999999	0.88014999999999999	0.60960000000000003	0.443691	Dst	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	-12	-14	-14	-11	-8	-6	-6	-6	-6	-4	-5	-5	-6	-7	-8	-9	-8	-7	-8	-7	-4	1	5	1	-1	-1	-4	-8	-8	-5	-5	-5	-4	-3	-2	-4	-11	-13	-16	-20	-15	-8	-19	-36	-64	-94	-95	-97	-93	-94	-92	-81	-74	-70	-67	-65	-68	-62	-56	-53	-56	-58	-58	-56	-54	-57	-50	-44	-39	-36	-34	-32	Local Time (hours)


ROTI(tecu/mn)


Dst(nT)




June 21-23, 2015 BF01

ROTI	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	4.9399999999999999E-2	3.7916999999999999E-2	3.1099999999999999E-2	2.6266999999999999E-2	2.6724999999999999E-2	4.0075E-2	4.8133000000000002E-2	4.1349999999999998E-2	4.4642000000000001E-2	5.6217000000000003E-2	4.6074999999999998E-2	4.5475000000000002E-2	4.9399999999999999E-2	5.5982999999999998E-2	4.4541999999999998E-2	5.2817000000000003E-2	5.9275000000000001E-2	4.4416999999999998E-2	4.8391999999999998E-2	6.2941999999999998E-2	4.9000000000000002E-2	3.8366999999999998E-2	3.5049999999999998E-2	3.2781999999999999E-2	3.4518E-2	3.9350000000000003E-2	2.9766999999999998E-2	2.6733E-2	2.5592E-2	4.2000000000000003E-2	5.4282999999999998E-2	4.4124999999999998E-2	4.8066999999999999E-2	4.6574999999999998E-2	5.0341999999999998E-2	4.9432999999999998E-2	5.0783000000000002E-2	5.4850000000000003E-2	4.3999999999999997E-2	5.3366999999999998E-2	5.7983E-2	4.6233000000000003E-2	6.5782999999999994E-2	0.54610800000000004	0.222717	0.19744200000000001	0.14799999999999999	7.0972999999999994E-2	3.7045000000000002E-2	4.0550000000000003E-2	3.9675000000000002E-2	3.6642000000000001E-2	7.0992E-2	7.2249999999999995E-2	5.5324999999999999E-2	4.0899999999999999E-2	4.8732999999999999E-2	5.1392E-2	5.8291999999999997E-2	6.1392000000000002E-2	5.7000000000000002E-2	6.9057999999999994E-2	4.2766999999999999E-2	5.57E-2	4.9708000000000002E-2	4.1732999999999999E-2	5.5958000000000001E-2	6.6017000000000006E-2	4.3158000000000002E-2	3.2867E-2	3.1399999999999997E-2	3.7655000000000001E-2	Dst(nT)	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	7	4	4	7	7	6	5	4	6	7	7	7	9	9	8	7	14	40	42	39	30	29	21	18	13	13	14	14	14	18	20	12	13	5	3	9	6	1	-12	-28	-46	-35	-2	-47	-114	-100	-91	-96	-95	-126	-141	-174	-198	-179	-171	-153	-153	-153	-149	-137	-131	-122	-106	-108	-105	-104	-91	-82	-91	-94	-96	-88	Local Time (hours)


ROTI(TECU/mn)


Dst(nT)
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